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(54) Chemical amplification type positive resist composition 

(57) A positive resist composition is provided which comprises a resin having 2-alkyl-2-adamantyl (meth)acrylate 
polymerization units represented by the following formula (I): 




(I) 



wherein represents hydrogen or methyl and represents an alkyi, and being insoluble or barely soluble in alkali, 
but being converted to solut}le in afteUi by the action of an add; 
and an acjd generator represented by the following formula (V): 



CO 
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wherein Q\ q2 and independently represent hydrogen, a hydroxyl group, an alkyi having 1 to 6 cartjon atoms or an 
alkoxy having 1 to &carbon atoms, and n is an integer of 4 to 8; and gives a good resolution upon exposure by ArF exd- 
mer laser and has litlie substrate dependency 
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Description 

[0001] The present invention relates to a chemical amplification type positive resist composition usable in the fine 
processing In the production of semiconductor. 

5 [0002] The fine processing in the production of semiconductor has usually been performed by adopting a lithogra- 
phy process using a resist composition. In the lithography process, principally, resolution can be improved by shortening 
wavelength for exposure, as indicated by Uie Rayieighs equation for limit of diffraction. Accordingly, wavelength of the 
light source for lithography process used in the production of semiconductors has become shorter and shorter in such 
order as g-ray at a wavelength of 436 nm. i-ray at a wavelength of 365 nm, KrF exdmer laser at a wavelength of 248 

10 nm. ArF eximer laser at a wavelength of 1 93 nm is expected as a nest generation light source. 

[0003] Since lenses in exposing machines using ArF excimer laser have a shorter lifetime as compared with the 
lenses for the conventional exposing light source, a shorter time for exposing such lenses to ArF excimer laser ray is 
preferred. In order to make the exposure time shorter, sensitivity of the resists is to be increased, and for such purpose, 
so called chemical amplification type resists are used. The chemical amplification type resist contains a resin having a 

15 group cleavable by the action of an add, and utilizes a catalytic action of the acid generated by exposure to the ray. 
[0004] It has been known that resins used in resists to be exposed to ArF excimer laser preferably have no aromatic 
ring in order to in^e the transmittance of the resists and have an alicyclic ring in place of an aromatic ring in order to 
confer dry etching resistance. Various resins have been known as resins meeting such requirements. For example, D. 
C- Hofer, J. Photopolym. Sd. Technol.. Vol. 9. No. 3. pages 387 - 398 (1996) describes such resins. The known resins. 

20 however, have a problem that peeling on development is liable to oc<5ur due to insuffident adherence during develop- 
ment, pacticularly when its polarity is not sufficient. 

[0005] S. Takechi et al.. J. Photopolym. Sci. Technol.. Vol. 9, No. 3. pages 475 - 487 (1996) and JP-A-9-73173 
describe that, when polymers or copolymers of 2-methyl-2-adamantyl methacrytate are used as resins for chemical 
amplification type resist a positive working action is realized by cleavage of 2-methyl-2-adamantyl group by the action 
25 of an acid and a high dry etching resistance, high resolution arxj a good adherence to sufcistrate are obtained. JP-A-1 0- 
274852 describes tfiat the adherence to substrate is improved by using a resin having a butyrolactone residue in a part 
of polymerization units, as a resin composing a chemical amplification type positive resist composition. In addition, JP- 
A-10-319595 describes a positive resist composition using a resin having a caitx>xyl group protected by a y-butyrolac- 
tone-3-yl residue. 

30 [0006] On the other hand, since the chemical amplification type resists utilize the action of an acid, the profiles are 
liable to t>e bottom-tailed by deactivation of the acid when the substrate is of a basic nature. It is known that this problem 
can be resolved by adding a high amount of a basic quencher substance. Addition of a high amount of such quencher 
substance, however, results in decrease of the sensitivity. When ArF eximer laser is used as the light for exposure, tiie 
resist is often applied on a substrate having a low reflection, such as an organic or inorganic anti-reflection film, when 

35 such a substrate having a low reflection is used, tiie profile of the resist tends to be deteriorated to a taper shape, 
although dimension uniformity is effectively improved. Therefore, chemical amplification type resists have a problem 
that performances, particulariy the profile, are varied depending on the kind of the substrate. 

[0007] The object of the present invention is to provide a chemical amplification type positive resist composition, 
which contains a resin conponent and an acid generator; is suitatJie to be used in lithography process using e.g. an ArF 
40 exdmer laser or KrF exdmer laser: is superior in various resist performances such as sensitivity, resolution and adher* 
ence to substrate; has a low substrate-dependency even when It Is applied to a basic substrate or a low reflection sub- 
strate: and confers a good profile on every suk^trates. 

[0008] The co-pending application Japanese Patent Application No. 11-238542. filed by the present applicant, 
describes that a resin having an adamantine polymerization unit with a specific chemical structure and a of polymeri- 
as zation unit witti a high polarity is effective in improving adherence to substrate. The present inventors have carried out 
further studies on systems using tiie resin having a butyrolactone residue disctosed in JP-A-1 0-274852 and JP-A-10- 
319595 and the resiri having an adamantine polyme-ization unit disdosed in Japanese Patent Application No. 11- 
238542 in chemical eimplification type positive resist composition. As tfie result, they have found that, in these compo- 
sitions, the resolution is improved and profiles on a basic substrate or a low reflection substrate are also improved by 
so using an add generator having a specific chemical structure. Thus, the present invention has fc^een completed. 
[0009] The present invention provides a positive resist composition which comprises 

a resin having a 2-alkyl-2-adamantyl (metii)acrylale polymerization unit represented by the following formula (I): 

55 
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10 



15 




( I ) 



wherein R' rewasents hydrogen or nnethyl and r2 represents an alkyl. and being insoluble or barely soluble in 
alkali, but being converted to soluble in alkali by the action of an acid; 
and an acid generator represented by the following formula (V): 

^O^f CnF2n+lS03- (V) 

wherein Q\ and independently represent hydrogen, a hydrosyl group, an alkyl having 1 to 6 cartx>n atoms 
or an alkosy having 1 to 6 cartx)n atoms, and n is an integer of 4 to 8. 

[00101 The polymerization unit 2-alkyl-2-adamantyl (meth)acrylate represented by the formula (I) described above 
1°'""^ opetMng the double bond of the (meth)acrylic acid portion in the 2-alkyl-2.adamantyl acrylate or 2- 
alky|.2-adamantyl methacrylate. The resin as a component of the resist composition of the present invention may be a 
polymer having a 2-alkyl-2.adamantyl (meth)acrylate polymerization unit alone, but. it is preferably a copolymer havinq 
one or more of other polymerization units together with the above unit. 

[0011] Examples of the polymerization unit other than 2.alkyl-2-adamantyl (meth)acrylate. preferably used to form 
45 a copolymer include 

a 3-hydroxy-1-adamantyl (meth) acrylate polymerization unit represented by the following formula (11): 



20 
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5 



10 




(n) 



15 



wherein represents hydrogen or methyl; 

an a-{meth)acryloyloxy-Trb.utyrolactone polymerization unit represented by the following formula (III): 

20 ... 



25 



30 




(in) 



35 

wherein represents hydrogen or methyl, and R® and R^ independently represent hydrogen or an alkyl; and 
a p-{n^eth)acryloyloxy-Y-butyrolactone polymerization unit represented by the following formula (IV): 




(IV) 



wherein R^. R^. R^ and R^ are as defined above. 

55 

[0012] The polymerization unit 3-hydroxy-l-adamantyl (meth)aCTylate represented by the formula (II) can be 
formed by opening the double bond of the (meth)acrylic acid portion in the 3-hydroxy-1 -adamantyl (meth) aaylate. The 
polymerization unit a-(meth)acryloytoxy-Y-butyrolactone represented by the formula (III) can be formed by opening the 
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douWe bond of the (meth)acrylic acid portion in the a-(meth)acryloyloxy-rbutyrolactone which may be substituted with 
an a\ky\ in the lactone ring. The polymerization unit p-(meth)acryloyloxy-rbutyrolactone represented by the formula (IV) 
can be formed by opening the double bond of the (meth)acrylic acid portion in the p-(meth)acryloyloxy-rbutyrolactone 
which may be substituted with an alkyi in the lactone ring. 

[0013] The resin as a component of the resist con^osition of the present invention has a 2-alkyl-2-adamantyl 
(meth)acrylate polymerization unit represented by the formula (I). In addition to this polymerization unit, the resin may 
opbonally have a 3-hydroxy-1-adamantyl (meth)acrylate polymerization unit represented by the formula (II) and/or an 
a-(meth)acryloy(osy-rbutyrolactone polymerization unit represented by the formula (III), or a p-(meth)acryloyloxy^ 
butyrolactone polymerization unit represented by the formula (IV). Therefore, the resin can be produced by polymeriza- 
tion or Gopolymerization of 2-alkyl-2-adamantyl (meth)acrylate monomer optionally with the above described other 
monomers, when 3-hydroxy-l-adamantyl (meth)acrylate is used as one of the copolymerization components a copol- 
ymer having a unit of the formula (II) in addition to the unit of the formula (I) is obtained. When an a-(meth)acryloyloxy- 
Y-butyrolactone in which the lactone ring may be substituted with alkyI is used as one of the copolymerization con»o- 
nents. a copolymer having a unit of the formula (III) in addition to the unit of the formula (I) is obtained, when an p- 
(meth)acryloyloxyor*utyrolactone in which the lactone ring may be substituted with alkyI is used as one of the copoly- 
merization components, a copolymer having a unit of the formula (IV) in addition to the unit of the formula (I) is obtained 
Furttiermore. whenJwth of these 3-hydroxy-1-adamantyl (meth)acrylate and a-(meth)acryloyloxy'y-butyrolactone are 
used, a terpolymer having units of the formulae (I). (II) and (III) is obtained. As described later, further monomers may 
be used in the copolymerization. 

[001 4] . 2-Alkyl-2-adamantyl (meth)acrylates can be produced by thareaction of a 2-alkyl-2-adamantanol or a metal 
salt thereof with an acryloyi halide or a methacryloyi halida. 3-Hydroxy-1-adamantyl (meth) acrylate is commercially 
available. It can also be produced by hydrolyzing 1 .3-dibromoadamantane to give 1 .3-dihydroxyadamantane. followed 
by reacting the resulting product with acrylic acid, methacrylic add or a halide thereof. The a- or p-(meth)acryloyloxy-Y- 
txityrolactones can be produced by reacting acrylic acid or methacrylic acid with o- or p-bromo-y-butyrolactone in which 
the lactone nng may be substituted with alkyl. or by reacting an acryloyi halide or methacryloyi halide with a- or p- 
bromo-rbutyrolactone in which the lactone ring may be substituted with alkyl. 

[001 5] The polymerization unit 2-alkyl-2-adamantyl (meth)acrylate represented by the formula (I) contributes to the 
transmittance of the resist and improvement of dry etching resistance due to the presence of the adamantane nucleus 
which IS an alicyclic ring. Since the 2-alkyt-2-adamnatyl group in this unit is cleaved by the action of an acid, the unit 
contributes to enhance solii)ility in alkali after exposure of the.resist film. The group in the formula (I) is an alkyl 
group This alkyl usually has about 1 to 8 carbon atoms. Preferably, it is a linear chain in usual case but may be 
branched when it has 3 or more carbon atoms. Examples of include methyl, ethyl, propyl, isopropyl and butyl 
Amongst them, methyl or ethyl, particularly ethyl. Is preferred as R^ for improvement of adhesiveness to substrate or 
resolution. 

[0016] Examples of monomers used for introducing the 2-alkyl-2-adamantyl (meth)acrylate polymerization unit rep- 
resented by the formula (I) in the resin include 2-methyl-2-adamnatyi acrylate. 2-ethyl-2-adamnatyl acrylate 2-methyl- 
2-adamnatyl methacrylate and 2-ethyl-2-adamnatyl methacrylate. Among them. 2-methyl-2-adamnatyl methacrylate 
and 2-ethyl-2-adamnatyl methacrylate are preferred. 

[0017] All of the polymerization unit 3-hydroxy-1-adamantyl (meth)acrylate represented by the formula (II) the 
polymerization unit a-(meth)acryloyl6xy-Y-hutyrolactone represented by the formula (III) and the polymerization unit p- 
(melh)acryloyloxy-Y-butyrolactone represented by the formula (IV) have higher polarity and contribute to improvement 
of adherence of the resist to the substrate. In addition, these polymerization units contribute to the resolution of the 
resist. The polymerization unit 3-hydroxy-1-adamantyl (meth)acrylate contributes to in^rovement of dry etching resist- 
ance of the resist. Furthermore, the polymerization unit p-(melh)acryloyloxy-rbutyiolactone contributes to improve- 
ment of transmission of the resist 

[0018] For introducing the 3-hydroxy-1 -adamantyl (meth)acrylate polymerization unit represented by the formula 
(II) in the resin. 3-hydroxy,-1-adamnatyl acrylate or 3-hydroxy-1-adamnatyl methacrylate is used in producing the resin 
Iri ttie formula (III). R^ R^ and R^. which are same to or different from each other, represent hydrogen or an alkyl. This 
alkyl can have about 1 to 6 carbon atoms and may be a linear chain or a branched chain when it has 3 or more carbon 
atoms. Specific examples of alkyl as R^. and R' include methyl, ethyl, propyl and butyl. Examples of the monomer 
used for introducing the a-(meth)acryloyloxy-rbutyrolactone polymerization unit represented by the formula (III) in the 
resin include a acryloyloxy-y-butyrolactone. a-methacryloyloxy-rbutyrolactone. a-acryloyloxy-p.p<limethyl-rbutyrolac- 
tone. a-methacryloyloxy-p.p-dimethyl-rbutyrolactone. a-acryloytoxy-a-methyl-Y-butyrolactone and a-methacryloyloxy- 
a-methyl-Y-butyrolactone. Examples of the monomer used for introducing the p-(meth)acryloyloxy-rbutyrolactone 
polymerization unit represented by the formula (IV) in the resin include p-acryloyloxy-y and p-methacryloyloxy-a-methvl- 
Y-butyrolactone. / / » j 

[001 9] The resins used in the chemical ampfif ication type positive resists are generally insoluble or barely soluble 
in alkali before the exposure to light in the lithography process. They become soluble in alkali after cleavage of a part of 
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groups by the action of an acid. In the resin used in the present invention, the 2-alkyl-2-adamantyl group in the formula 

(I) Is cleaved by the action of an acid. If necessary, the resin may further contain other polymerization units having a 
group cleavak^e by the action of an actd. 

[0020] Examples of such group include alkyi esters such as methyl ester and tert-butyl ester, acetal type esters 
5 such as methoxymethyl e^er, ethoxymethyl ester, 1-ethoxyethyl ester. 1 -isobutoxyethyl ester, 1 -isopropoxyethyl ester, 
1-ethoxypropyl ester. 1 -(2-m€thoxyethoxy)ethyl ester. 1-(2-acetoxyethoxy)ethyt ester. 1-[2-(1-adamanty- 
la)cy)ethoxy]ethyl ester. 1-r2-{1-adamaTt/!caffcony!oxy)cthoxy]ethyi ester. tetraihydrO-2-furyi ester and tetrahydro-2- 
pyranyl ester, and alicyclic ester such as isobornyl ester. Monomers used for introducing these polymerization units 
having a cartx>xylate ester in the resin may be aaylic monomers such as methacrylic ester and acrylic ester or alicyclic 
10 monomers having a cartx>xylic ester bound thereto such as norbornenecartx)xylic ester, tricyclodecenecartx»cylic ester 
and tetracyclodecenecarboxyfic ester. 

[0021 ] The resin used in the present invention preferably contains the polymerization unit having a group cleavaWe 
by the action of an add in a range of 30 to 80% by mote biased on the total polymerization unit in the resin, although the 
prefen-ed range varies depending on the kind of irradiation rays used in the exposure for patterning and the kind of 
15 group cleavable by the action of an acid. In addition, it is preferred that the polymerization unit 2-alkyt-2-adamantyt 
(meth)acrylate represented by the formula (I) is present in an amount of 20% or more t}ased on the total polymerization 
unit in the resin.1t-is preferred that the polymerization unit 3-hydroxy-1 -adamantyl (meth)acryiate represented by the 
formula (II) and/or the polymerization unit a-(meth)acryloyloxy-Y-butyrolactone represented by the formula (III) are 
present in a total amount of 20 to 70% by mole based on the total polymerization unit in the resin, when the resin has 
• 20 the polymerization unit represented by the formula (II) and/or the polymerization unit reprfeented by the formula (III). 
Furthermore, it is preferred that the polymerization unit p*(meth)acryloyloxy-Y-butyrolactone represented by the formula 
(IV) is present in an amount of 20 to 70% by mole based on the total polymerization unit, when the resin has the polym- 
erization unit represented by the formula (IV). 

[0022] It is preferred, therefore, to conduct a copolymerization using a monomer mixture containing 20 to 80% by 
25 mole, preferably 30 to 80% by mole, of 2-aIkyl-2-adamantyl (meth)acrylate for introducing the unit of the formula (I) in 
the resin, and 20 to 70% by mole in total of 3-hydroxy-1 -adamantyl (meth)acrylate for introducing the unit of the formula 

(II) and/or a-(meth)acryloyloxy-rbutyrolactone. which may be substituted with alkyI in the lactone ring, for introducing 
the unit of the formula (HQ. when the resin has the polymerization unit represented by the formula (II) and/or the polym- 
erization unit represented by the formula (III). 

30 [0023] It is preferred, therefore, to conduct a copolymerization using a monomer mixture containing 20 to 80% by 
mole, preferably 30 to 80% by mole, of 2-alkyl-2-adamantyl (meth)acrylate for introducing the unit of the formula (I) in 
the resin, and 20 to 70% by mole of p-(meth)acryloyloxy-rbutyrolactone. which may be substituted with alkyI in the lac- 
tone ring, for Introducing the unit of the formula (IV). when the resin has the polymerization unit represented by the for- 
mula (IV). 

35 [0024] The resin having the polymerization unit of the formula (I) and optionally the polymerization unit(s) of the fbr- 
mula(ll) and/or the formula (III) or tiie formula (IV) may also contain another polymerization unit having a group cleava- 
ble by the action of an acid, as described above. The resin may further contain another polymerization unit having a 
group which is not cleavable by the action of an acid insofar as it is within a range that the ^ect of the invention is not 
adversely affected. Examples of the other polymerization units optionally contained include polymerization units having. 

<o a free carboxylic acid group, polymerization unit introduced from maleic anhydride, polymerization unit introduced from 
itaconic anhydride and polymerization unit introduced from (meth)acrylonitrile. 

[0025] The acid generator as the other component of ttie resist decomposes to generate an add upon the action of 
radiation rays such as a light and electric rays on the substance itself or on a resist conrposition containing the suth 
stance. The acid generated from the add generator acts on the resin and the group cleavat)le by tiie action of an ackl 
45 is cleaved by tiie action of the acid. In the present invention, a sulfonium salt compound represented by the formula (V) 
described akxive is used as the add generator. 

[0026] In the formula (V). Q\ and Q^. which are same to or different from each other. represent hydrogen, a 
hydroxyl group, an alkyI having 1 to 6 cart>on atoms or an alkoxy having 1 to 6 cartxjn atoms. The alkyI as well as alkoxy 
may be a linear chain or a branched chain when they have 3 or more cart>on atoms. Examples of the alkyi include 
50 methyl, ethyl, propyl, isopropyl, butyl, tert-liutyl. pertyl and hexyl. Examples of alkoxy include methoxy, etiioxy. propoxy 
and butoxy. 

[0027] In addition, in the formula (V). n is an integer of 4 to 8 representing the number of cartxjn in the f luoroalkane 
portion of perf luoroalkanesulfonate ion which is an anion. One of the characteristics of the present invention resides in 
that a sulfonium salt having a perfluoroalkanesutfonate anion having a number of cartx)n atoms is used as an acid gen- 
55 erator. By using such a compound as the acid generator, the resolution of the resist is improved and its profile on a t>asic 
substrate or a low reflection substrate is also improved. 

[0028] The sulfonium salt represented by the famula (V) may be a commercial product if available or may be pro- 
duced according to a conventional process. For example, it can be produced by reacting a corresponding triphenylsul- 
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fonium bromide with a silver perfluoroalkanesulfonate; by reacting a corresponding diphenylsulfoxide a benzene 
compound and a perfluoroalkanesulfonic acid in the presence of trifluoroacetic anhydride according to the descriotion 
m Chem Pharm. Bull.. Vol. 29. page 3753 (1981); or by reacting a corresponding aryl Grignards reagent with thionyl 
Chloride, then with triorganosilyl halide to give a triarylsuHonium halide. which is reacted with a silver perfluoroal- 
kanesuttonate according to the description in JP-A-8-31 1018. In addition, compounds of the formula (V) in which 
Q or Q represent a hydroxyl group can be produced by treating a triphenylsulfonium salt having a tert-butoxy qrouD 
on the benzene nng with a sulfonic acid to eliminate the tert-butyl group according to the description in JP-A-8-31 1018 
[0IK9] Specific examples of the sulfonlum salt corresponding to the formula (V) include the following compounds- 
triphenylsulfonium perfluorobutanesulfonate. triphenylsulfonium perfluorooctanesulfonate. 4-methylphenyldiphenylsul- 
fonium perfluorobutanesulfonate. 4-melhylphenyldiphenylsulfonium perfluorooctanesulfonate. 4-hydroxyphenyldiDhe- 
nylsulfonium perfluorobutanesulfonate. 4-hydroxyphenyldiphenylsulfonium erfluorooctanesultonate 4- 
methoxyphenyldiphenytsulfonium perfluorobutanesulfonate. 4-methoxyphenyldiphenylsulfonium perfluorooctanesul- 
fonate. tr.s(4-methylphenyl)sulfonium perfluorobutanesulfonate. tris(4-methylphenyl)sulfonium perfluorooctanesul- 
peXorooctanltuUor^e'^ perfluorobutanesulfonate. and tris(4-methoxyphenyOsulfonium 

10030] The resist composition of the invention is a combination of a resin having a 2-alkyl-2-adamantyl (meth)acr- 
ylate polymenzatioiwjnit represented by the formula (I) with a sulfonium salt having a perfluoroalkanesulfonate anion 
containing a number of caibon atoms represented by the formula (V) described above as an acid generator. If desired 
other aad generators can be co-used in addition to the sulfonium salt. Exanples of other add generators include sul- 
fonium salts other.than that represented by the formula (V). other onium salts such as iodonium salts, organic halogene 
compounds such as haloalkyltriazine compounds. suHbne compounds such as disuHones and diazomethanedisulfones 
acid and various sulfonic add esters. 

[0031] It has been known that, generally, in the composition of chemical amplification type positive resist deterio- 
ration of performance due to deactivation of an add by standing after exposure can be improved by adding a b^sic com- 
pound, particularly a basic nitrogen-containing organic compound such as an amine compound as a quendier 
Likewree. in the present inventfon, additfon of such a basic compound is prefen^ed. specific exanples of the basic com- 
pounds used as quenchers indude the compounds represented by the following formulae- 
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10 



IS 



20 



25 



30 



35 




40 wherein R''\ R''^, r13 pi4 R^'^jridependently represent hydrogen, alkyl which may be substituted with a hydroxyl 
group, cydoalkyl. aryl or alkoxy, and A represents alkylene, cartx>nyl or imino. The alkyl and alkoxy represented by R^ \ 
R^2 r13 r14 pi5 usually have about 1 to 6 cart>on atoms, cydoalkyl usually have about 5 to 10 cart>on atoms and 
aryl usually have about 6 to 10 carbon atoms. The alkylene represented by A usually have 1 to 6 caibon atoms and may 
be a linear chain or a branched chain. 

<5 [0032] The resist composition of the invention preferably comprises the resin in a range of about 80 to 99.9% by 
weight and the acid generator in a range of about 0.1 to 20% by weight based on the total solid content. When a basic 
compound as a quencher is used, preferably it is contained in a range of akx>ut 0.01 to 1% by weight, based on the total 
solid content. In addition, the resist composition of the present invention may contain, if necessary, various additives 
such as a photo-sensitizer. dissolution inhibitor, other resin, surfactant, stabilizer and dye. 

so [0033] The resist composition of the invention is usually used as a resist solution in which the above described com- 
ponents are dissolved in a solvent and the resist solution applied onto a sutsstrate such as a silicone wafer. The solvent 
usat)le here may be anyone insofar as it dissolves the components, has a suitable drying rate and gives a uniform and 
smooth film after evaporation of the solvent, solvents generally used in this field can be used. Examples of the solvent 
include glycol ether esters such as ethyl cellosolve acetate, methyl cellosolve acetate and propylene glycol monometfiyl 

55 ether acetate: esters such as ethyl lactate, butyl acetate, amyl acetate and ethyl pyruvate: ketones such as acetone, 
methyl isobutyl ketone. 2-heptanone and cyclohexanone; and cydic esters such as Y-butyrdactone. One of these sd- 
vents can be used singly or two or more of the solvents can be used in combination: 

[0034] The resist film formed by applying the resist solution on a sut>strate arxJ drying is subjected to exposure 
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treatment for patterning, then to heat treatment for promoting protective group-eliminating reaction and finally devel- 
oped with an alkaline developer. The alkaline developer used here may be any aqueous alkaline solution used in this 
field. An aqueous solution of tetramethyl ammonium hydroxide or (2-hydroxyethyl)trimethyl ammonium hydroxide (com- 
mon name: choline) is generally used as a des/eloper. 
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20 



EXAMPLES 

10035] The present invention will now be described in more detail referring to Examples, which should not be con- 
strued as a limitation upon the scope of the invention. In Examples. % and part for representing the content or amount 
to be used is weight based unless othenwise specified. The weight average molecular weight is a value obtained by gel 
permeation chromatography using polystyrene as the standard substance. 

Synthesis Example 1 for Monomer (Synthesis of 2-methyl-2-adamantyl methacrylate) 

[0036] Into a reaction vessel were charged 83.1 parts of 2-methy|.2.adamantanol and 101 parts of trrethylamine. 
and 200 parts of methyl isobutyl ketone was added thereto to form a solution. To this solution was added dropwise 78.4 
parts of methacryloyJ^chloride (1 .5 mole based on 2-methyl-2-adamantanol). The solutfon was stirred at room temper- 
ature for about 10 hours. After filtration, the organic layer was washed with 5% aqueous sodium hydrogen carbonate - 
solution and then washed twice with water. The organic layer was concentrated and distilled under reduced pressure to 
give 2-methyl-2-adamantyl methacrylate represented by the following formula in 75% yield : 



25 



30 



35 



40 



45 



CH3 CH5 

CH2=C-C-0-kVi 
11 

O 



Synthesis Example 2 for Monomer (Synthesis of 2-ethyl-2-adamantyl methacrylate) 

[0037] A solution was prepared by adding 50 parts of diethyl ether to 31 . 1 parts of 2-adamantanone. While keeping 
the temperature of the solution at or under 1 0«C. 200 ml of a diethyl ether solution containing ethyl lithium at a concen- 
tration of 1 . 1 4 mole/liter was added dropwise thereto. TTie solution was stinred at 0*C for 2 hours, and then, while keep- 
ing the temperature of the solution at or under 10«C, 26.2 parts of methacryloyl chloride (1 .2 mole based on 2-methyl- 
2-adamantanol) was added dropwise. After tfie completion of addition, the solutfon was stin-ed at room temperature for 
12 hours. Then precipitated inorganic salts were removed by filtration. The organic layer was washed with 5% aqueous 
sodium hydrogen carbonate solution and then washed twice with water. The organic layer was concentrated and dis- 
tilled under reduced pressure to give 2-ethyl-2-adamantyl methacrylate represented by the following formula in 60% 
yield: 



so 



CH< 



II 



CoH 



CH2=C-C-0-^^ 
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Synthesis Example 3 for Monomer (Synthesis of a-methacryloyloxy-Y-butyrolactone) 

[0038] After charging 100 parts of a-bromo-rbutyrolactone and 104.4 parts of methacryllc acid (2.0 times in mole 
based on a-bromo-r^xjtyrolactone), a three times amount of methyl isobutyl ketone l>ased on a-bromo-y-butyrolactone 
was added thereto to form a solution. To this solution was added dropwise 183.6 parts of triethylamine (3.0 times in 
mole leased on a-bromo-y-butyrolactone). Then, the solution was stirred at room temperature for about 10 hours. After 
f inra^on, the organic layer was washed with 5% aqueous sodium hydrogen cari>onate solution and then washed twice 
with water. The organic layer was concentrated to give a-methacryloylosy-Y-butyrolactone represented by the following 
formula in 85% yield: 

CH3 

CH2=C-C-0 



\^-KJ 1 1 



Synthesis Exanple 1 for Resin (Synthesis of resin A) 

[0039] After charging 2-methyl-2-adamantyl methacrylate and a-methacryloyl-Y-butyrolactone in a molar ratio of 5 
: 5 (1 5.0 parts : 1 1 .7 parts), two times weight of methyl isobutyl ketone based on the total monomers was added thereto 
to form a solution. As an initiator, 2% by mole of azobisisobutyronitrile based on the total monomer amount was added 
thereto and the mixture was heated at SO^'C for about 8 hours. Then, the reaction solution was poured into a large 
amount of heptane to form precipitation and this procedure was carried out 3 times in total for purification. As the result, 
a copolymer having a weight average molecular weight of about 10.000 was obtained. The copolymer had structural 
units represented by the following formulae and is referred to herein as resin A. 




Synthesis Example 2 for Resin (Synthesis of resin 6) 

[0040] The substantially same procedure in Synthesis Example 1 for Resin was repeated except that in place of 2- 
methyl-2-adamantyl methacrylate was used 2-ethyl-2-adamantyl methacrylate. and the molar ratio of 2-ethyl-2-ada- 
mantyl methacrylate and a-methacryloyl-rbutyrolactone is 5 :5 (40.0 parts : 29.3 parts). As the result, a copolymer hav- 
ing a weight average molecular weight of alx>ut 5.600 was obtained. The copolymer had structural units represented by 
the following formulae and is referred to herein as resin B. 
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Synthesis Example 3 for Resin (Synthesis of resin C) 

[0041] The substantially same procedure in Synthesis Example 1 for Resin was repeated except that 2-ethyl-2-ada- 
mantyl methacrylate. 3-hydroxy-1-adantantyl methacrylate and a-methacryloyl-Y^utyrolactone were charged in a 
molar ratio of 5 2.5 : 2.5 (20.0 parts : 9.5 parts : 7.3 parts). As the result, a copolymer having a weight average molec- 
ular weight of about 9,200 was obtained. The copolymer had structural units represented by the following formulae and 
is referred to herein as resin C. 




45 



so 



55 



Synthesis Example 4 for Resin (Synthesis of resin D) 

[0042] The substantially same procedure in Synthesis Example 1 for Resin was repeated except that 2-methyl-2- 
adamantyl methacrylate and p-methacryfcyl-rbutyrolactone were charged in a molar ratio of 47.7/52.3. As the result, 
a copolymer having a weight average molecular weight of about 8.400 was obtained. The copolymer thus obtained is 
referred to herein as resin D. 

Synthesis Exanrple 1 for Acid Generator (Synthesis of triphenylsulfonium pert luorooctanesulfonate : PAG2) 

[0043] Into a four-necked flask were charged 75 parts of perfluorooctanesulfonic acid and 100 parts of water, and 
21 .4 parts of silver cart>onate was added thereto with stirring. After stinring at room tenperature for 3 days, the mixture 
was filtered and the obtained filter-cake was washed with 10 parts of ion-exchange water, then 20 parts of diethylether 
and dried to give 60.3 parts of silver perfluorooctanesulfonate. 

[0044] Into a tour-necked flask were charged 0.5 part of triphenylsulfonium bromide and 30 parts of nitromethane. 
and then. 0.9 part of silver perfluorooctanesulfonate obtained above and 30 parts of nitromethane were added thereto. 
The mixture was stirred at room temperature for 6 hours. Then, the resulted suspension was filtered and the filtrate was 
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concentrated to give 1 .2 part of triphenylsuffonium peilluorooctanesulfonate. wvhich is referred to herein as PAG2. 

Synthesis Example 2 for Acid Generator (Synthesis of 4-inethylphenyldiphenylsulf6nium perf luorooctanesutfonate : 
PAG3) 

5 

[0045] Into a four-necked flask were charged 8.0 parts of diphenyisulfoxide and 80.0 parts of toluene, and the mix- 
ture was cooled to 2**G. Then, 1 6.6 parts of trif luoroacetic anhydride and 1S.8 parts of perfluorooctanesulfonic aekJ were 
added and the mixture was stirred at the same temperature for 30 minutes. After standing, the lower layer was concen- 
trated and diluted with 340 parts of chloroform. The obtained chloroform solution was washed six times with 85 parts of 
10 ion-exchange water and concentrated to give 27.7 parts of 4-methylphenyldiphenylsulfonium perf luorooctanesutfonate. 
whidi is referred to herein as PAG3. 

Synthesis Example 3 tor Acid Generator (Synthesis of 4-methylphenyldiphenylsulfonium perfluorobutanesultonate : 
PAG4) 

15 

[0046] Into a four-necked flask were charged 5.06 parts of diphenyisulfoxide and 50.6 parts of toluene, and the mix- 
ture was cooled-to 2**C. Then. 1 0.5 parts of trif luoroacetic anhydride and 7.50 parts of perf luorobutanesulfonic acid were 
added an6 the mixture was stirred at the sarrie temperature for 60 minutes. After standing, the lower layer was concen- 
trated and diluted with 100 parts of chloroform. The obtained chloroform solution was washed 1 1 times with 50 parts of 
20 ion-exchange water and concentrated to give 1 2.0 parts Of 4-methylphenyldiphenylsulfonium perf luorobytanesuKonate, 
which ts referred to herein as RAG4. 

Examples 1 - 6 and Comparative Examples 1 - 3 

25 [0047] Resist solutions were prepared by mixing an acid generator shown in Table 2 with a resin shown in Table 2. 
2,6Kfiisopropyl aniline as a quencher and propylene glycol monomethyl ether acetate and rbutyrolactone as a solvent 
according to the compositions shown in Table 1 . followed by filtration of the resulting solutions through a fluorine resin 
filter having a pore size of 0.2 \im. 

30 . Acid generator PAG1: triphenylsulfonium perfluorobutanesulfonate ("TPS-109**. manufactured by Midori Kagaku 
Co.. Ltd.) 

Add generator PAGX: 4-methylphenyldiphenylsutfonium trrfluoromethanesulfonate ("MDS-205**. manufactured by 
Midori Kagaku Co., Ltd.) 



35 

Table 1 





Component 


Example 1 - 6 


Comparative example 1 - 

3 


40 


Resin (denomination is shown in Table 2) , 




10 




Acid generator (denomination is shown in Tattle 2) 




0.2 




Quencher 


2.6-diisopropyl aniline 


0.015 


0.015 


45 


Solvent 


propylene glycol monomethyl ether ace- 
tate 


47.5 


47.5 






Y-butyrolactone 


2.5 


2.5 



* The amounts of the acid generator in Examples 1-6 were the same mole as those in Comparative Examples 1-3. 



so 

[0048] The above resist solutions were spin-coated on t>are silicon wafefs which were surface-treated with hexam- 
ethytdisilazane at SO'^C for 180 seconds so that the film thickness after drying was 0.5 ^m. After the application of the 
resist solutions, the wafers were prebaked at a temperature shown in the column "prebaWng" in Table 2 for 60 seconds 
on a direct hot plate. The wafers having a resist film formed in such manner were exposed with ArF exdmer exposure 
55 apparatus fNSR ArF**. NA = 0.55. manufactured by Nikon] through a line-and-space pattern, changing stepwise the 
amount of exposure. After exposure, the wafers were subjected to post-exposure t>aking at a tenrperature shown in the 
column TEB** in Table 2 for 60 seconds on a hot plate and then to puddle development in 2.38% aqueous tetramethy- 
lammonium hydroxide solution for 60 seconds. Patterns obtained after development were observed by a scanning elec- 
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tronic microscope and effective sensitivity and resolution were measured according to the methods described below 
The results are shown in Table 2. 

Effective sensitivity: This is expressed in the minimum amount of exposure which gives 1 : 1 line-and-space pattern 
s of 0.18 urn. 

Resolution : This is shown in the minimum size which gives line-and-space pattern splitted at the amount of expo- 
sure giving the effective sensitivity. 

[0049] In addition, resist films were formed by applying the above resist solutions on quartz glass wafers so that the 
10 film thickness after prebaking at 120-C for 60 seconds was 0.5 |im. The transmittances at 193 nm of resist films were 
measured with a spectrophotometer. The results are also shown in Table 2. 



Table 2 



Example No. 


Resin 


Acid generator 


Pre-baking 


PEB 


Effective sen- 
sitivrty 


Resolution 


Transmittance 


Exanple 1 


A 


PAG1 


120*»C 


120'^C 


17mJ/cm2 


0.16 ^m 


45% 


Example 2 


B 


PAG1 


80°C 


SO'^C 


15mJ/cm2 


0.15 ^m 


45% 


Example 3 


B 


PAG3 


BO^C 


80"C 


1 9 mJ/cm^ 


0.15 nm 


45% 


Example 4 


C 


PAG1 


120*»C 


115**C 


16mJ/cm2 


0.16 urn 


43% 


Exanple 5 


C 


PAG2 


120'C 


115«C 


24 mJ/cm^ 


0.16 ^im 


43% 


Example 6 


C 


PAG3 


120*C 


115^0 


22 mJ/cm^ 


0.16 nm 


43% 


Comparative 
example 1 


A 


PAGX 


120*C 


120*C 


18mJ/cm^ 


0.17 iim 


45% 


Comparative 
example 2 


B 


PAGX 


80**C 


80*»C 


18mJ/cm2 


0.16 fim 


45% 


Comparative 
example 3 


C 


PAGX 


120*C 


IIS'^C 


20 mj/cm^ 


0.17 Mm 


43% 
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[0050] Furthermore, wafers (basic substrate) having a silicon nitride film of 1 .800-angstrom thickness were surface- 
treated under the same conditions as above. Then, the resist solutions prepared in Examples 4 - 6 and Comparative 
Examples 1 and 3 wer e applied on the wafers in a manner similar to that described above to form resist films After pat- 
terning, the substrate-dependency was assessed by observing cross-section shapes of the patterns with scanning 
electronic microscope. The results showed that the patterns obtained from the resist solutions in Examples 4 - 6 had 
good profil.es without bottom-tailing but the patterns obtained from the resist solutions in Comparative ExanrHes 1 and 
3 had bottom-tailing. ' 

[0051] As described above, the resists in Examples were improved in resolution and less liable to give a profile with 
bottom-tailing on a basic substrate, as compared with the resists in Comparative Examples in which 4-methylphenyld- 
iphenylsulfonium trif luoromethanesulfonate (acid generator PAGX) having a smaller number of cartxjn atoms in the sul- 
fonate anion portion was used. In addition, the resists prepared in these Examples also give a good profile when 
applied on low reflection substrates. 

Examples 7 - 9 and Comparative Example 4 

[0052] Resist solutions were prepared by mixing an ackJ generator shown in Table 3 and 4 with a resin shown in 
Table 3 and 4. 2.6-dnsopropyt aniline as a quencher and propylene glycol monomethyl ether acetate and r-butyrolac- 
tone as a solvent according to the compositions shown in Table 3. followed by filtration of the resulting solutions through 
a fluorine resin filter having a pore size of 0.2 jim. 



55 
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Tables 



Component 


Example 


Conparative example 4 




7 


8 


9 




Resin C 


10 


10 




10 


Resin D 






10 




Add generator PAG3 


0.2 




0.2 




Acid generator R^G4 




0.15 






Acid generator PAGX 








0.1 


Quencher: 2.6-diisopropyl aniline 


0.0075 


0.0075 


0.0075 


0.0075 


Solvent: propylenelycol monomethylether 


57 


57 


57 


57 


acetate : t^xityrolactone 


3 


3 


3 


3 



[0053] . The above resist solutions were spin-coated on silicon wafers, on which an organic anti-reflection film having 
a thickness of .1600-angstrom was forrned by coating "DUV-30" manufactured by Brewer Science Inc. and then baking 
at 215*C for 60 seconds, so that the film thickness after drying was 0.39 jim. After the application of the resist solutions, 
the wafers were prebaked at a temperature shown in the column "prebaking" in Table 4 for 60 seconds on a direct hot 
plate. The wafers having a resist film formed in such manner were exposed through a line-and-space pattern according 
to the same manner as in Example 1 . After exposure, the wafers were subjected to post-exposure baking at a temper- 
ature shown in the column "PEB" in Table 4 for 60 seconds on a hot plate and then to puddle development in'2.38% 
aqueous tetramethylammonlum hydroxide solution for 60 seconds. Patterns obtained after development were observed 
by a scanning electronic microscope and effective sensitivity and resolution were measured according to the same 
methods as in Exanrple 1 . The results are shown in Table 4. 

[0054] In addition, resist films were formed by applying the above resist solutions on quartz glass wafers so that the 
film thickness after prebaking according to the same conditions as above was 0.39 \im. The transmittances at 193 nm 
of resist films were measured. The results are also shown in Table 4. 



Table 4 



Example No. 


Resin 


Acki generator 


Pre-baking 


PEB 


Effective sen- 
sitivity 


Resolution 


Transmittance 


Exarnple 7 


C 


PAG3 


130*C 


130«C 


25mJ/cm2 


0.14 fim 


62% 


Example 8 


C 


PAG4 


130«C 


130«C 


25mJ/cm2 


0.14 fim 


62% 


Example 9 


D 


PAG3 


130**C 


150**C 


19mJ/cm2 


0.14 ^m 


70% 


Comparative 
example 1 


C 


PAGX 


120*»C 


115«C 


35 mJ/cm^ 


0.15 fim 


62% 



[0055] Furthermore, wafers (basic sut>strate) having a silicon nitride film of 1 .800-angstrom thickness were surface- 
treated with hexamethyldisilazane at 90**C for 180 seconds. Then, the resist solutions prepared in Examples 7 - 9 arxi 
Comparative Example 4 were applied on the wafers in a manner similar to that described above to form resist films. 
After patterning, the substrate-dependency was assessed by observing cross-section shapes of the patterns with scan- 
ning electronic microscope. The results showed that the patterns obtained from the resist solutions in Examples 7 - 9 
had good profiles without bottom-tailing but the patterns obtained from the resist solutions in Comparative Example 4 
had bottom-tailing. 

[0056] As described above, the resists in Examples 7 - 9 were improved in resolution and less liable to give a profile 
with bottom-tailing on a t>asic sut)strate, as compared with the resists in Comparative Exanple 4 in which 4-methylphe- 
nyldiphenytsulfonium trifluoromethanesulfonate (acid generator PAGX) having a smaller number of cart)on atoms in the 
sulfonate anion portion was used. Particularly, the resist in Example 9 using Resin D is excellent in sensitivity and trans- 
mittance 
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10057] The resist compositions of the present invention in wtiich a specflic resin and a specific acid generator are 
! good resolution upon exposure by ArF excimer laser and give a good profile when applied on a basic sub- 
strate or a low reflecton substrate and thus they have little substrate dependency. 



Claims 

1 - A positive resist composition which conprises 



a resin having 2-alkyl-2-adamantyl (meth)acrylate polymerization units represented by the following formula (I): 




(I) 



f ! ^«P''esents hydrogen or methyl and r2 represents an alkyi, and being insoluble or barely soluble in 
alkali, but being converted to soluble in alkali by the action of an ackl; 
and an acid generator represented by the following fbmiula (V): 




wherein Q\ q2 and independently represent hydrogen, a hydrosyl groi*), an alkyI having 1 to 6 carbon 
atoms or an alkoxy having 1 to 6 carbon atoms, and n is an integer of 4 to 8. 

2. The positive resist composition according to claim 1 wherein the 2-alkyl-2-adamantyl (meth)acrylate polymerization 
unit represented by the formula (I) is 2-methyl-2-adamnatyl methacrylate polymerization unit or 2-ethyl-2-adam- 
natyl methacrylate polymerization unit 

3. The Fxisitive resist composition according to claim 1 wherein the resin has at feast one polymerization unit selected 
from 3-hydroxy-1-adamantyl (meth)acrylate polymerization unit represented by ttie following formula (II): 
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wherein represents hydrogen or methyl, and a-(meth)acryloyloxy-Y-butyrolactone polymerization unit repre- 
sented by the4bllowing formula (III): 




(m) 



wherein represents hydrogen or methyl, and R®, R® and R^ Independently represent hydrogen or an alkyl. 

The positive resist composition according to claim 3 wherein the resin is a copolymer having 2-alkyl-2-adamantyl 
(meth)acrylate polymerization units represented by the formula (I) and 3-hydroxy-1-adamantyl (meth)acrylate 
polymerization units represented t>y the formula (II). 

The positive resist composition according to daim 3 wherein the resin is a copolymer having 2-a!kyl-2-adamantyl 
(meth)acrylate polymerization units represented by the formula (I) and-a-(meth)acryloyloxy-')^butyrolactone polym- 
erization units represented by the formula (III). 

The positive resist composition according to claim 3 wherein the resin is a terpolymer having 2-alkyl-2-adamantyl 
(meth)acrylate polymerization units represented by the formula (I), 3-hydroxy-1-adamantyl (meth)acrylate polym- 
erization units represented by the formula (II) and a-(meth)acrylpylQxy-r^yrolactone polymerization units repre- 
sented by the formula (III). 

The positive resist composition according to claim 3 wherein the resin is obtained from a copolymerization using a 
monomer mixture containing 30 to 80% by mole of a 2-alkyl-2-adamantyl (meth)acrylate and 20 to 70% by mole of 
at least one selected from 3-hydroxy-1-adannanty! (meth)acrytate and a-(meth)acryloyloxy-Y-butyrolactone, which 
may be substituted with alkyl in the lactone ring. 

The positive resist composition according to claim 1 wherein the resin has p-(meth)acryloyloxy-Y-butyrolactone 
polymerization units represented by the following formula (IV): 



17 



EP 1 020 767 A1 




wherein R" represents hydrogen or methyl, and r6 and R^ independently represent hydrogen or an alkyl. 

^" IIl,n^*^^ !f ^TP^**'"" according to claim 8 wherein the resin is obtained from a copolymerization using a 
fa,^ ^'O'^f- "'"9 30 to 80% by mole of a 2-alkyl-2-adamantyl (meth)acrylate and 20 to 70% by mole of 
p-{meth)acryloyloxy-y-butyrolactone, which may be substftuted with alkylin the lactone ring. - 

10. The positive resist composition according to dalm 1 which further comprises an amine as quencher. 



18 



EP 1 020 767 A1 



J 



European Potent 
Offloe 



EUROPEAN SEARCH REPORT 



AppOMMen Numtar 

EP 00 10 0239 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy 



Citation of document with indication, wtwre appropriate, 
of relevant poOTagas 



Relevant 
tDctaim 



CtJKSSIFCATION OF IME 



A.D 



A.D 



EP 0 982 628 A (SUMITOMO CHEMICAL COMPANY, 
LIMITED) 1 March 2000 (2000-03-01) 

* page 17; examples 9-11 >•> 

EP 0 856 773 A (SUMITOMO CHEMICAL COMPANY, 
LIMITED) S August 1998 (1998-08-05) 

* page 9 - page 12 * 

DE 196 26 003 A (FUJITSU LTD.) 
24 July 1997 (1997-07-24) 

* pag§ 15, line 5 - line 15 ♦ 

* page 68 - page 69; examples 66,67 * 

UETANI Y. ET AL.: "Standard developer 
available ArF resist and performance" 
PROCEEDINGS OF THE SPIE - THE 
INTERNATIONAL SOCIETY FOR OPTICAL 
ENGINEERING, 

vol. 3333, no. 1, February 1998 (1998-02), 
pages 546-553, XP002136158 
USA . 

* page 548; figure 2 * 

* page 549, paragraph 1 * 

DAMMEL R.R. ETAL.: "Lithographic 
performance of a dry-etch stable 
methacrylate resist at 193 nm" 
PROCEEDINGS OF THE SPIE - THE 
INTERNATIONAL SOCIETY FOR OPTICAL 
ENGINEERING, 

vol. 3333, no. 1, February 1998 (1998-02), 

pages 144-151, XP002136159 

USA 

* page 145; figure 3 * 

* page 146; figure 4 * 



1-7,10 



1-10 



1-10 



1-10 



G03F7/039 
G03F7/004 



TECHNICAL HEU>S 
SEARCHED (M.CL7) 



G03F 



1-10 



Ihe preaent seaicil report has bean drawn up for all dakns 



PlaMolMaich 

THE HAGUE 



0«» of oompMon or th« aaareh 

20 April 2000 



Dupart, J.-M. 



CATEGORY OF CITED DOCUMENTS 

X : partloularV rotovam ir taken alone 

Y : |>Qrticiilarfy retovant oomfain»d«^ another 

document ol tho same category 
A : technological background 
0: non-%iiitt Bn<lecloeure 
P : fcttennodale docunient 



T : theory or principle underlyino t«e InvanSon 
E : earfier patent docunent. but publahed on. or 

after the fSSng data 
D : doeumert cIlBd in «e appllcaflon 
L : docunent oitad for olhsr leaaona 

&:mgr nber o f the same patent tarnly,oorraaporiano 
docunant 



19 



EP 1 020 767 A1 



i^^!1!!LIP ™^ EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCAT10N NO. 



EP 00 10 0239 



T>« Bi«,p«n PatomOffioete h«, wayiabte tor»«aa p««cUe« given for pua>ose of intom«l«„ 



i '^fn«o«<telallsatxHJtt!ri8 annex :»eeOfli(SalJoumd<»ft» European P 



20-04-2000 



Patent document 
cHed in soarch report 


PubOcatkMi 1 
dale 




Patent famay 
meinbei(s) 


1 Put>licatiQn 
j date 


EP 0982628 


A 


01-03-2000 


NONE 






EP 0856773 


A 


05-08-1998 


JP 


10274852 A 


13-10-1998 


DE 19626003 


A 


02-01-1997 


JP 
JP 
US 
US 


9090637 A 
9073173 A 
«013416 A 
5968713 A 


04-04-1997 

18- 03-1997 
11-01-2000 

19- 10-1999 



20 



